We measure the impact of low cost transport by rail in Malawi on the dispersion of agricultural commodities prices across markets, by exploiting the quasi experimental design of the nearly total collapse of domestic trade by rail in January 2003, due to the destruction of a railway bridge at Rivirivi, Balaka. Market pairs connected by rail when the railway line was operational, are intervention observations. Estimations are based on monthly market prices of four agricultural commodities (maize, groundnuts, rice and beans), in 27 local markets, for the period 1998-2006.
Introduction
In this study we investigate the hypothesis that low cost railway transport creates an opportunity for domestic trade in agricultural commodities, which enhances trade flows of agricultural produce from surplus to deficit areas and thereby reduces dispersion of agricultural commodity prices across markets. The empirical estimations consider monthly market prices for maize, rice, groundnuts and beans in the Malawi economy. For the purpose of this research we exploit a unique natural experiment, notably the disruption of a railway bridge in the heart of the Malawi rail network in January 2003, which caused the nearly total collapse of domestic trade and transport by train. This research is partly inspired by studies on the impact of mobile phone coverage on price dispersion (e.g. Aker, 2010; Jensen, 2007; Muto and Yamano, 2009; Fafchamps and Aker, 2014) and broadly related to a variety of work that investigates the impact of transaction costs (infrastructure) on economic activity and on the efficiency of markets. It is different from most of this research since it focuses exclusively on transport costs of a specific mode of transport, notably transport by rail. Since a natural experiment in transport infrastructure is a rare event (cf. Jacoby and Minten, 2008) and since experimental designs in infrastructure are usually not feasible, impact studies on railway services are uncommon. In fact, with the exception of a few historical studies, we are not aware of any attempt at measuring the effect of rail transport services on the dispersion of agricultural commodity prices empirically.
The remainder of the paper is organised as follows. In Section 2 we discuss the relevant literature, position our work in this literature and highlight our contribution. In Section 3 we briefly characterize the Malawi economy and we present developments in Malawi rail infrastructure and freight volumes over the years against the background of the collapse of domestic freight since January 2003. In this section we also justify the selection of agricultural commodities and discuss the development of production, prices and price dispersion of these commodities. In Section 4 we set out the methodology underlying the empirical estimation and discuss the identification of impacts. In Section 5 we show and assess estimation results and in Section 6 we give a summary and conclusion.
What do we know from the literature?
The research in this paper contributes to a broader empirical literature on the impact of major infrastructural or institutional changes on transaction costs and, thereby, on the (efficient) operation of markets and economic behaviour. Transportation infrastructure is important to transaction costs and hence we start out with the work on the impact of investments in railways, which is typically long run and historical in nature. In an extensive and rigorous study, Donaldson investigates the economic impact of the colonial Indian railways from 1861-1930, using district-level data collected from archival sources (Donaldson, 2010) . The roll-out of the railroad network is exploited for identification of impacts. Donaldson empirically tests several predictions derived from a general equilibrium trade model and finds that railroads reduce cost of trading, reduce price dispersion between regions, increase trade volumes and brought district economies close to the small open economy limit where local prices do not vary because of local shocks; that railroads increased welfare substantially (with 18%) and decreased income volatility; and that with the help of a general equilibrium trade model one may identify reduced trade costs as the key determinant for increased welfare. Other analyses of the impact of railways are related to the economic geography literature on the spatial distribution of economic activity 1 : Jedwab and Moradi (2015) employ a 11 x 11km grid cell based dataset for eight distinct years, starting in 1891 up to 2000, for 1 The debate centers around the question if the equilibrium of the distribution of economic activity across space is determined by locational fundamentals (geographical endowments) or by increasing returns (economies of scale and scope due to concentration and clustering of activities and (past)investments).
Ghana, where the years correspond with census years, and similarly for a larger set of 39 SSA countries. They show path dependence of economic activity and conclude that their evidence supports the existence of local increasing returns. Similar conclusions are drawn in another paper (Jedwab et al., 2014) : Colonial railroad construction in Kenya, which started in 1896 and was completed in 1930, and its later demise in the 1960s, is assumed to provide an ideal natural experiment to identify the effects of infrastructure on economic change. A dataset of 473 locations for selected years (census years) in the period 1901-2009 is constructed for estimating the impact of rail connectivity on population growth. Railroads are shown to explain the persistence of the location of cities. Again evidence indicates path dependence and supports the existence of local increasing returns. Partly due to its identification strategy, much of this work is (very) long run in nature, requiring substantial data construction, and is concerned with population and urbanisation over centuries rather than today's income and today's welfare: it does not specifically address (barriers to) economic development of currently poor countries. We are also not aware of any other study that investigates the development impact of rail infrastructure in contemporary and typical developing countries like those in sub-Saharan Africa.
Several contributions on the impact of road infrastructure are worth discussing: the impact of road infrastructure on labour markets (and education) is investigated for the US (Michaels, 2008) and Indonesia (Yamauchi et al., 2011) , and on food collection, trade margins and traders' wages for Zaire (Minten and Kyle, 1999) . Michaels uses the advent of the US Interstate Highway System, construction of which began in 1956 and was completed in 1975, as "a source of exogenous variation in trade barriers" to show an increase in trucking activity and retail sales of 7-10 percentage points, in connected relative to non-connected rural counties. In line with
Hecksher-Ohlin, highways increase the wage bill of high skilled workers relative to low skilled workers in counties where skill was abundant and reduced it were skills were scarce, but the size of this effect is small. Opening up to trade is not likely to explain a great deal of variation in the demand for skills. Identification -the key empirical challenge in measuring impacts of infrastructure -is covered by using (quality) improvements in road quality in Yamauchi et al. (2011) . Combining household panel and village census data for Indonesia for the period 1995-2007 they measure the impact of improved connectivity on household income growth and nonagricultural labour supply. The growth of household income and non-agricultural labour supply, associated with improved connectivity, is claimed to be the driven by post primary education and distance to economic centres. Education and quality of local roads are therefore concluded to be complementary, increasing labour transition to non-agricultural activities. Minten and Kyle (1999) observe that variation in food prices in Zaire, both across regions and between products, is large. They show transportation costs explain most of the differences in food prices between producer regions and urban Kinshasa, and that road quality is an important factor in the transportation costs. Poor quality roads double transport costs, and increase other transaction costs and uncertainty. Producer shares also decrease, and decrease faster, when transport costs increase. Hence, transport infrastructure is found to be a key determinant of variation in food prices. The impossibility of experimental designs in infrastructure has inspired a different methodology for measuring the impact of road infrastructure in Jacoby (2000) and Minten and Jacoby (2009) : both exploit the economic impact of transport costs on various economic variables and economic behaviour (wages, value of agricultural land, household income, migration), in the absence of road infrastructure, to measure the potential gains of putting road infrastructure in place. The former (Jacoby, 2000) assumes that higher farm profits due to lower transport costs should capitalise into higher farmland values and wages. The relationship between value of farmland and distance to agricultural markets, and wages and distance to market is exploited to measure the household benefits of a hypothetical road project. Empirical application to Nepal data support a substantial benefit to the poor which is, however, not large enough to reduce income equality. In Minten and Jacoby (2009) a procedure is proposed to estimate willingness to be pay for transport on the basis of household data. The endogenous road placement problem is circumvented by surveying a homogenous region with one market and with a large variation in transport costs of households due to the lack of roads and motorized transport. Endogeneity or selection of productivity and migration relative to transport costs is investigated. Empirical estimations based on Madagascar household data point at large gains in income for remote households but also that these gains are small relative to the improved nonfarm earning opportunities in town.
Research on the impact of communication and information infrastructure has become immensely popular since the introduction of mobile phones in SSA. These studies focus on a specific type of transaction costs, notably information and search costs, and investigate how mobile phone services have impacted on access to and costs of information, on market prices and on economic behaviour. Often the rollout of mobile phone networks is used for the identification of impacts, but also experimental designs are documented. Jensen (2007) uses micro level survey data to show that price dispersion on fish markets in Kerala (India), has substantially reduced after the introduction of mobile phones. This reduction in price dispersion is claimed to have established a nearly perfect adherence to the Law of One Price. The evidence further supports increased fishermen's profits and consumer welfare due to mobile phones, while gains are also shared by smaller and poorer fishermen. Easy and timely access to information is also shown to prevent waste, inefficiency and spoilage of production of perishable crops (Jensen, 2007 ; see also Muto and Yamano, 2009, on bananas organizations are suggested to tackle this problem and to strengthen the bargaining power of farmers. Fafchamps and Minten (2012) estimate the benefits for farmers of SMS based agricultural information in Maharashtra, India, using a randomized controlled trial. The information includes prices, weather forecasts, crop advice and new items. They find no effect of this service on the prices received by farmers, value added, crop losses, crop choices and cultivation practices. These disappointing results are in line with the limited commercial take-up of the information service, but difficult to reconcile with previous investigations on the impact of information (see above). A comparative advantage in transport is suggested as an explanation why benefits accrue in the first place to traders and not to producers.
Finally, a few researchers investigate the impact of changes in marketing infrastructure rather than communication or transport infrastructure. Goyal (2012) investigates the impact of a change in marketing of a major private company in the soy market in the central Indian state of Madhya Pradesh. The company aimed at an improvement in procurement efficiency of soybeans to be achieved by the creation of a direct marketing channel (internet kiosks and warehouses) and by a reduction in transaction costs. After the introduction of kiosks and warehouses, soybean prices increased, price dispersion decreased and area under soy cultivation increased. This study highlights the benefits from direct interaction between producers and processors in agricultural marketing. For a full welfare assessment, however, the loss to traders needs to be quantified. Zant (2015) investigates the supply response of tobacco growers in Malawi, both at the intensive and extensive margin. Access to market in tobacco is determined by proximity to an auction floor.
The introduction of an additional auction floor in Malawi, and the associated reduction in transaction costs is exploited to identify supply responses of farmers. Improved access to auction floors is shown to lead to large production and area increases.
The contribution of the current study is to measure the impact of railway transport services on the dispersion of agricultural commodity prices across markets. For this purpose we exploit the quasi experimental design of the collapse of domestic freight due to the disruption of a crucial railway bridge. The exogenous shock in (non) availability of rail transport services and thereby in transport costs creates an ideal setting for plausible identification. The setting is exceptional, since natural experiments in infrastructure rarely take place. Alike most other studies we investigate the impact of transaction costs, but different from other studies we focus exclusively on a specific type of transaction costs, notably costs of transport by rail, a relatively cheap mode of transport.
The Malawi economy, transport by rail and domestic trade in agricultural commodities

The Malawi economy
Malawi is a relatively small landlocked country in the south of Africa, measuring around 800km from north to south and around 150 km from east to west, bordering in the northwest with Zambia, in the northeast with Tanzania and in the south with Mozambique. A large lake, Lake
Malawi, part of the Great Rift Valley, stretches from north to south, along a large part of the east border of the country. During the study period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) and Chikwawa (65.8%) in the south), and in the southern region at least 10%-points higher relative to other regions. The key food crop is maize, followed with a distance by cassava, rice, groundnuts and beans. Malawi suffers from occasional food shortages due to drought and poor harvests (see Zant, 2012 Zant, , 2013 . Tobacco is by far the most important cash crop. Tobacco cultivation dates back to the colonial period, just like the other major cash crops, sugar and tea.
Tobacco, however, has become nearly completely smallholder based in the course of the 1990s (see Zant, 2014) , while tea and sugar production is mainly on account of estates. Nearly every city, town or larger village has one or more markets for agricultural food crops on a regular basis, often daily or weekly. Both local farmers and traders operate on these markets. The major export crops are marketed in a different way (e.g. through auctions in the case of tea and tobacco, through a large processing company in the case of sugar (Llovo)).
Railway infrastructure, transport of goods by rail and the January 2003 collapse of trade by rail
The The dramatic sequence of events has created an interesting opportunity to measure the impact of rail transport services on markets. Ideally one would need detailed records of bilateral trade flows by rail, including prices by market and traded quantities of agricultural products by source and destination, both before and after the disaster had taken place, in order to investigate impact rigorously. Unfortunately, such data on trade by rail are not available. As a matter of fact, we also do not know to what extent trade in agricultural commodities by rail takes place in the form of passenger trade -farmers and traders travelling by train to nearby town and city markets on order to sell their produce -or in the form of formal freight 4 . What is available is data on market prices of agricultural commodities for a large number of markets in Malawi. Hence, in this study we will focus on the impact of railway services on market prices of agricultural products. A certain degree of speculation in the postulated impact of railway transport services on market prices of agricultural commodities remains. However, in this respect our work compares favorably with (most) research on the impact of mobile phones: at least we know that there has been freight of agricultural products transported by rail. And do the researchers on the impact of mobile phones know if market information is exchanged over the phone?
Malawi markets for agricultural commodities: production, prices, domestic trade and demand
In the empirical part we look at prices of a few specific crops, notably maize, rice, groundnuts and beans. These food crops are all important crops in the Malawi context, where maize takes an outstanding position accounting for 50 to 60% of the diet of most people in Malawi and is produced by nearly all farm households. Maize, rice and beans is primarily consumed domestically, although in case of bumper crops small quantities are exported. Groundnuts are partly exported, but the bulk of production is consumed domestically. Rather than having records of transport by rail of either maize, rice, groundnuts or beans, we simply assume that such trade takes place, most likely on a small scale, by farmers and local traders. There is a remarkable even spread of production of these crops over Malawi: they are cultivated in all Malawi districts, with the exception of rice, (see Appendix 4). Groundnut cultivation is most concentrated in the central region and least in the southern region, and cultivation of pulses is most concentrated in the southern region and least in the north and central region. Whatever the cause of the even distribution of production -high transport and trading costs, inefficient agriculture, little comparative advantage of regions -it may also, and simultaneously, limit the scope for domestic trade. Supply from local production will often be / may quickly become the cheaper and the preferred alternative, rather than "imports" from neighboring regions and districts. In the end the (relative) balance between supply from local production and demand over the season determines the scope for trade. Seasonality in production and constant demand easily translates into seasonality in prices. Prices are low in the months after harvesting (April-June), and subsequently increase continuously to reach (very) high levels just before the next harvest is available. Differences between highs and lows often are larger than 100%. Seasonality in prices is more pronounced in urban areas, due to higher income, larger population and lower local supply. Seasonality in prices of maize, rice, groundnuts and beans is confirmed by the data (see Appendix 3) and also identified in other research (see e.g. Kaminski et al., 2014) . The pronounced and regular pattern suggest unexploited arbitrage opportunities, both intertemporal and across markets: especially with regularity and high predictability in seasonal prices potential gains from trade appear feasible. Price seasonality in Malawi is on average largest in maize, smallest in rice, and groundnuts and beans are in between 5 . Maize is also an exception in terms of value: all three other crops are (relatively) high value crops: rice, beans, and groundnut prices are on average 4 to 5 times the price of maize, with groundnuts on the high and rice on the low side, and with distinct variations by year and market (see Appendix 3). Trade costs of high value crops will be proportionally smaller, which may induce farmers (rather than traders) to prefer to sell these commodities on distant markets. Additional incentives for trade may arise if the margin on trade is proportionally higher or if fixed costs of trade are independent of the value of the traded crop.
Although transport of agricultural produce by rail is a cheap and thereby attractive alternative 6 , the dominant mode of transport of trade in agricultural products in Malawi is transport by road 7 . The predominantly small scale domestic trading business is undertaken by farmers, small, medium and large traders, wholesalers, maize processing firms and ADMARC.
The dispersion of the size distribution of trader businesses and the prevalence of many small scale businesses suggest constant returns to scale in trade . Most "district to district" trade of maize is from farmers to small and medium traders, and occasionally to larger traders and wholesalers. Around 75% of all traders buy directly from farmers and sell as a retailer . Trading channels vary by location, but the bulk of maize trade is in the hands of the private sector. Survey data indicate that average distance between purchase location and sale location of maize transactions is around 55km with a maximum of 200km . For a variety of reasons domestic transport costs of transport by truck are very high: the main causes include poor (secondary) roads, high petrol prices, relatively inefficient small loads / no scale economies, no backloads, and undercapitalized and inefficient back-to-back funding (see Lall, 2008; Zant, 2013) . Cheap transport services in Malawi would create large welfare gains and certainly enhance the scope for economic growth. If fully operational, the (extended) railway system in Malawi is an attractive and cheap alternative and an interesting complement for transporting agricultural output, and for enhancing welfare of smallholder farmers.
Measuring the impact of railway services on dispersion of market prices
Theoretical considerations
Costs of railway transport are relatively low compared to transport costs with trucks by road which is the standard mode of transport in Malawi. Farmers and traders in Malawi based in areas near to a railway station are likely to (have) benefit(ted) from these cheap transport services. The lower transport costs enhances trade of agricultural commodities markets along the railway line,
as it increases flows of goods from surplus to deficit areas. The increase in trade by rail will raise the low prices in surplus areas and it will reduce the high prices in deficit areas. Hence, availability of railway transport services should reduce price dispersion across markets along the railway line. The key mechanism that drives this process is standard profit maximising producer behaviour with transaction costs.
Empirical specification
For the estimation of impacts we apply a panel fixed effect strategy and use the following regression model:
where Y jk,t is the dispersion of prices across markets j and k, at time t, 'connected by rail' is a variable with a value (ln(distance)) if both markets are less than 20 km away from a railway station and 0 otherwise, X jk,t is a vector of market pair variables at time t, affecting the dispersion of prices across markets j and k, time is a general time trend, ω l , φ t and η jk are market, time and market pair fixed effects and ζ jk,t is an iid error term with a zero mean and a constant variance.
There are several ways to measure dispersion of prices across markets (Y jk,t ), like, for example, the coefficient of variation or the maximum minus the minimum. We follow Aker (2010) and use (the natural logarithm of) the absolute price difference across markets (ln|p j -p k |). In the estimated specification we have included the lagged dependent variable as explanatory variable in order to filter out lagged responses. The vector of , variables are assumed to be determinants of price dispersion between markets j and k, associated with either transaction costs (like transport costs, gasoline prices and economies of scale), or (relative) local supply and demand balances. In the data description we discuss the covariates used in estimations in detail. In the basic estimation we restrict the , variables to the distance between markets, reflecting transport costs. In the estimated equations we interacted a time trend with markets 8 , and seasonality with markets. The data description in the previous section supports a crop and market specific seasonal price pattern. Annual fixed effects are included to control for country wide variations in agricultural production between years (caused by bumper crops and droughts). We have specified the interactions applied in the estimations further in the empirical section.
Identification strategy
The exogenous collapse of railway transport services due to the disruption of the railway bridge at Rivirivi, documented in the previous section, creates a quasi-experimental design that offers an opportunity to identify the impact of railway services on the dispersion of agricultural commodity prices. The regression equation represents a panel fixed effect model with markets connected by rail when the railway was operational, as intervention observations. The coefficient of interest in the regression equation is 2 : this coefficient reflects the impact of the availability of railway transport services on the dispersion of agricultural commodity prices. We expect the dispersion of these prices to be lower in the locations that have access to railway transport services. The underlying hypothesis is that a railway infrastructure implies an opportunity for trade at low costs which positively effects domestic trade, notably flows of goods from surplus to deficit area. The increase in trade by rail will raise prices in surplus areas, or at least dampen further reductions, and it will reduce prices in deficit areas, or at least slow down the price increase. Consequently, the increased trade is likely to reduce price fluctuations in both locations, and thereby price dispersion across locations. Hence, we expect 2 to be negative: a reduction in dispersion of prices across markets that are linked with each other by the railway, is likely to take place.
Intervention locations
Interventions in this study are the market pairs that are connected with each other by rail, when the railway is operational. For this purpose we have calculated the distance between markets and the nearest railway station. All markets that are less than 20km away from the nearest railway station, are assumed to be connected by rail. Practically this implies we have 10 intervention locations 9 , implying 45 intervention market pairs (see Appendix 5 for a list with markets, distance to station and latitude-longitude coordinates). Of course 20km is an arbitrary cut-off: we have verified the robustness of the estimation results by taking different cut-off distances (less than 10km: 8 intervention locations / 28 intervention market pairs; and less than 30km: 13 intervention locations / 78 intervention market pairs). In the estimation section we have documented the outcome of these checks.
Data
For the empirical work we use monthly retail market prices of agricultural commodities taken from the Agro-Economic Survey, of the Ministry of Agriculture and Food Security. We have these data for a long period (from 1991/92 to 2008/09), for a large number of markets (around 70) and for a large number of agricultural commodities and livestock products. However, for the purpose of this study we use a limited subset: we use only maize, rice, groundnuts and beans prices, for those markets (27 in total) that have the most complete price series. Additionally, All distances used in the empirical part are distances as the crow flies, calculated using standard Great Circle Distances, and based on latitude-longitude coordinates of locations (markets, railway stations). We are aware that distance measured as the crow flies differs from road distance and that road distance is the relevant concept for transport costs. However, since we do not exactly know the (changes in) road distance at the time, we rather avoid the likely but uncertain error, and prefer the clear and transparent approximation of distance.
We include the following three additional covariates ( , ) in the estimation: rainfall, population density and per capita (gross) income. Rainfall is an annual index of crop season rainfall in mm. normalised with the long run average crop season rainfall in mm. Rainfall is recorded in around 30 weather stations and attributed to markets on the basis of proximity. We expect that above average rainfall increases crop production and the availability of agricultural commodities after harvest, and increased supply will reduce prices. . Hence, we expect price dispersion between locations to decrease the larger the population density in both locations. Population data are from the National Statistical Office in Zomba and district area is taken from www.geohive.com. Per capita income is a constructed annual variable by district: in order to calculate gross income from agriculture we multiply agricultural production with average retail market prices, both by crop season and district and summed over crops and livestock products 10 . All prices are deflated with the consumer price index for rural areas (source: National Statistical Office, Zomba, Malawi). Than we exploit data on rural and urban population by district: we first calculate the per capita agricultural income by using rural population data by district. Next, we assume that the highest per capita agricultural income in the region is related to per capita income of the urban population: we impute n times the region highest per capita income to the urban population, to construct (average) per capita income by year and by district, where n reflects the productivity differences between urban and rural workers 11 . There is a multitude of explicit and implicit assumptions in this per capita income calculation with many arbitrary elements, which many researcher will label as "heroic".
Nevertheless the constructed data should give a sensible order of magnitude for per capita income. Per capita income reflects demand and we expect that a higher per capita income increases demand and pushes up prices of agricultural commodities. Large differences in income between locations will, ceteris paribus, increase price dispersion. All covariates are expressed in terms of the absolute value of the natural logarithm of their relative values (|ln(x k /x j )|).
Covariates have, in different degrees, large fixed effect components: we expect that these variables will interact with the fixed effects included in the estimated equations.
Estimations and discussion
Other empirical issues
In running the estimations we have assumed that the impact of railway services is geographically restricted. Additionally we have assumed that the period without railway services between the market pairs connected by rail is restricted. This is justified as follows. Transport costs are different from search costs in the sense that transport costs increase more or less proportionally with transport distance while this is not necessarily the case for search costs. As a result the impact of availability of transport services is spatially restricted: transport costs, hence prices of traded goods, are high for markets that are a large distance away and there is a clear trade-off between "import" and local supply: local production or the use of close local substitutes could be cheaper alternatives than "import" from far away locations, especially if there is no advantage 11 Urban population only refers to a fraction of the population of the districts of Lilongwe, Blantyre, Zomba and Mzimba. We use n = 1.5; However, a range of values varying between 1 and 3 did not fundamentally change the estimation results. We cannot calibrate the value of n with GDP data because of the subsistence character of the Malawi economy: home consumed production is included in our per capita income concept but it does not show up in per capita GDP.
from specialization and if the traded agricultural product may be produced anywhere. Therefore we assume that (potential) domestic trade only takes place between markets that are located a limited distance away from each other. How far this distance is needs to be investigated empirically. Aggregate data on freight by rail indicate that the average distance of freight by rail in case of local freight is 80-115 km and in case of export or import freight, 180-220km. For domestic passengers the average distance travelled varies from 40 to 80km. Survey data on domestic trade and domestic traders, generally using (pick-up) trucks as mode of transport, indicate that average distance between location of purchase and sale location of maize transactions is around 55km with a maximum of 200km .
The distance over which crops are traded is likely to be influenced by perishability / storability of crops, whether the crop is a high value or low value crop, the geographical spread of production (and consumption) and how large expected gains from trade are. Since high value crops have relatively smaller transport costs, these crops are likely to be traded over longer distances. Next, trade in perishable crops is, by nature, spatially restricted: these crops simple degenerate if transported over long distances and thereby become unsaleable 12 . Conversely, storable crops are more suitable to be traded over longer distances. Trade over longer distances may arise if production area is more dispersed and/or more remote from consumption locations.
Finally, the size of the expected gains from trade will influence the distances over which agricultural commodities are traded. The larger the gains the larger the distance over which crops are traded. These expected gains from trade depend on the difference in prices in each location, which in turn depends on differences in the supply and demand balance across locations 13 . Large imbalances between local production and local demand will potentially give rise to higher prices.
Seasonality in production will also lead to seasonality in prices, which will be more pronounced if demand is higher. Hence, differences in seasonality of prices across locations will affect expected gains from trade.
With the disruption of the railway bridge at Rivirivi, Balaka a period started without railway services for markets along the railway line. The start of this period is 100% accurate. However, it
is not clear when this period ended. The maximum of 3 years is motivated by the fading out of the impact (see estimation section) and is determined empirically, using a grid procedure.
Estimation results of a basic specification
The basic result of this investigation is summarized in Table 1 . The estimations confirm a statistically significant reduction in the dispersion of agricultural commodity prices across markets of around 11-14%. The size of the reduction is remarkably similar across commodities. : connected by rail has the value ln(distance) if both markets are less than 20km away from a railway station, while the railway was operational, and zero elsewhere (in case of groundnuts less than 10km). Prices are deflated with the rural consumer price index (source: National Statistical Office, Zomba, Malawi). Robust standard errors in parentheses below the coefficient are clustered by market pairs. * p < 0.10, * * p < 0.05, * * * p < 0.01. The long term effect is calculated as 2 /(1 − 1 ) (see regression model above).
Lagged dependent variables, included in order to filter out lagged responses, are positive and statistically significant in all estimations. Higher order lags are included if statistically significant at the 1% level: this strategy should control for potential higher order autocorrelation. Only in the case of estimations for rice including a two months lagged dependent turned out to be necessary.
The inclusion of the lagged dependent variable allows the distinction of short and long run impact, where the long run impact is calculated as 2 /(1 − 1 ), using the notation from the regression model. Long run impacts range from a reduction of 14% to 18%. These results point at substantial welfare effects for consumers, from the enhanced efficiency of markets for agricultural commodities. The reduction in price dispersion is also likely to affect growth since lower food prices in subsistence economies constitute an important transmission mechanism to higher productivity (see De Janvry and Sadoulet, 2010).
Selecting the sample of observations: maximum trading distance and speed of adjustment
From the selected estimations in Table 1 we notice that the maximum trading distance and the sample period varies by crop 14 . Since we do not know exactly the most appropriate values of the maximum trading distance and the relevant period before and after the date of disruption (January 2003), we determine these empirically using a simple grid procedure: we estimate with a maximum trading distance varying from 70km to 200km (with a 10km step), and with 2 to 5 years before, and 2 to 4 years after January 2003. We use this procedure in order to find, simultaneously, the appropriate maximum trading distance and relevant period, but also to assess the robustness of the estimations. Extensive, but still limited, output of this exercise is reported in Table 2a to 2d.
On the basis of the tables and the underlying estimations we have the following observations.
For all four commodities we observe sets of estimations with statistically significant ATEs with the required negative sign, around a specific combination of maximum trading distance and sample period. The regularity of these estimation outcomes -both across commodities and for each individual commodity, across combinations -offers comfort in and credibility of the estimations. For all commodities we see impacts disintegrate if the period without railway services is extended to the year 2006 (not shown, available from the author on request 15 ):
apparently the period effectively without railway services -i.e. the period with effectively higher 14 In fact, for Table 1 we have deliberately cherry picked estimation results (as all of us do!) from the estimations reported in the current section (see Table 2 improved estimations in the case of beans, groundnuts and, especially, maize. Next, the impact in the case of rice is significant with a relatively large maximum trading distance of 160-180 km., opposed to around 100 km. for maize and beans. Groundnuts is in between. In the case of rice this is possibly the result of the uneven spread of rice cultivation, compared to the other commodities. Also good storability (of rice and groundnuts) will make trade over longer distances easier. The impact coefficients of all commodities with the exception of beans are around -11%, while in the case of beans, the impact is slightly stronger, around -14%. We assume that this should be associated with the higher perishability of beans, and the related reduced scope for intertemporal arbitrage (relative to storable commodities). Other studies also confirm a higher impact in case of perishable crops (see e.g. Jensen 2007; Muto and Yamano, 2009; Aker and Fafchamps, 2014) . Also, in the case of beans, estimation results tend to disintegrate quicker with more years before and after the turning point (January 2003). A number of other robustness checks are implemented. We have repeated the estimations underlying Table 1 and 2 with inclusion of covariates, notably (relative) per capita gross income, (the sum of market pairs) population density and (relative) rainfall. Estimated impacts are very similar to the ones reported in Table 1 and 2, and in a substantial number of instances statistical significance of impacts improves (selected estimations are reported in the Appendix). Apparently the covariates are either independent of the intervention variable or well captured by the set of fixed effects applied in the basic estimations (or both). The performance of covariates themselves is mixed. In a few estimations coefficients of covariates are fully well-behaved in terms of statistical significance and expected signs of coefficients, in some estimations coefficients are partially well behaved, but also not well-behaved coefficients are generated. We attribute this to measurements error in the construction of covariates and / or interaction of covariates with fixed effects. We will not further pursue this issue in this study 16 .
Finally, we have re-run the estimations with a smaller / larger number of intervention locations (see previous section). The outcome of this exercise shows that the estimated impact remains more or less the same with a smaller number of intervention punts, but deteriorates substantially with a larger number of intervention points. In the case of groundnuts only estimations with intervention location less than 10 km from a railway station, generated sensible results.
Alternative explanations and potential threats
As the railway track in Malawi was not randomly constructed, outcomes may be the result of differences in markets already existing and not related to the railway line. For this reason -as is standard in similar type of exercises -we need to show that variables have similar means and distributions before the intervention. The railway line is constructed, ages ago in colonial times, connecting main towns and cities, where major economic activities were taking place. Cheap railway transport has created opportunities and has induced (and still induces) further economic activity. This all is likely to be different for places not located along the railway line. In view of this, the outcome reported in Table 3 is not strange. Although we hoped for another test result, such a test result would be too good to be true, a knife-edge outcome and odd to expect. In fact, one should be somewhat suspicious if tests suggest equality of pre-intervention variables in similar natural experiment contexts. Does it mean we need to discard the whole previous exercise? The impact estimations should still be valid, as long as we can adequately condition the variation in price level and dispersion on relevant covariates. This brings us back to the estimations reported in Table 1 and   Table 2 . Market pairs "connected by rail" are market pairs where both markets are located within a distance of 20 km from a railway station. Market pairs "not connected by rail" are market pairs of which at least one market is located more than 20 km located away from a railway station. The number of markets is 27 and hence the (potential) number of market pairs 351, but practically much less due to maximum trading distance. Robust standard errors are clustered by market pairs (upper panel) or markets (lower panel). Prices are deflated with the rural consumer price index (source: National Statistical Office, Zomba, Malawi).
Summary and conclusion
In this study we have measured the impact of railway services on the dispersion of market prices of agricultural commodities in Malawi. For this purpose we have exploited the quasi experimental design of the nearly total collapse of domestic trade by rail in January 2003, due to the destruction of a railway bridge at Rivirivi, Balaka. Estimations are based on monthly market prices of four agricultural commodities (maize, groundnuts, rice and beans), in 27 local markets,
for the period 1998-2006. The measured impact varies from a reduction in price dispersion of 11% to 14% in the short run, to 14% and 18% in the long run. Perishable and low value crops (respectively beans and maize) tend to be traded over smaller distances, and storable high value crops over larger distances (rice and groundnuts). There is some support for a relatively larger impact on perishable commodities (beans) reflecting the limited scope for intertemporal arbitrage.
Results depend critically on the maximum distance between market pairs, the period included before and after the collapse and which markets are assumed to be connected by rail. Estimations are robust for including covariates that reflect local demand and supply conditions and trade opportunities. Rice, groundnuts and bean prices relative to maize prices Note to figure: monthly price series of rice, groundnuts and beans are expressed relative to maize prices, for each month and each market and these relative prices are averaged over all markets. 
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